Three experiments, each utilizing three ponies, were conducted using a mixed VFA solution of [1J4CI acetate, [1JaC] propionate and [2-33H] butyrate to determine VFA production rates in the cecum of the pony. Diet A used in experiment 1, contained a forage to grain ratio of 1:2, while diet B, used in experiments 2 and 3, contained a forage to grain ratio of 3:1. Experiment 1, in which a constant infusion technique was used, resulted in net VFA production rates (mmoles/min) of 3.667 to 3.977 (3=3.836) for acetate, .410 to 1.664 (3=1.213) for propionate and .342 to 1.124 (2=.629) for butyrate. The wide variation in rates was due to extreme values found with one animal. Experiments 2 and 3 were single injection experiments with calculated production rates in mmoles/min ranging from 3.956 to 5.778 (7=4.638) for acetate, 1.035 to 1.560 (3=1.299) for propionate and .403 to .629 (3=.450) for butyrate. Interconversion of the VFA, calculated from data of experiment 1, demonstrated that approximately one-half of the butyrate was derived from acetate, while only 2 to 4% of the acetate was derived from the butyrate. VFA production within the cecum accounted for approximately 30% of the digestible energy intake.
INTRODUCTION
Volatile fatty acids (VFA) are present in relatively large quantities in the cecum of t Animal Science Department. Address reprint requests to: 124 Animal Sciences Laboratory, Urbana, Illinois, 68101.
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3 Dairy Science Department. 4A. O. Smith, Harvestore Products, Inc., Arlington Heights, Ilk ponies and horses (Elsden et al., 1946; Alexander, 1955 ). Absorption of these products has also been demonstrated (Barcroft et al., 1944; Lieb et al., 1970; Argenzio et al., 1974) . Changes in cecal VFA concentrations under varying dietary forage-grain ratios have also been studied (Stillions et aL, 1970; Hintz et al., 1971) . However, the authors are not aware of any studies in which VFA production rates have been determined in the equine cecum. In the preliminary experiments reported herein an attempt was made to quantitate the production rates of acetate, propionate, and butyrate in the cecum of the pony. In addition, interconversions between acetate and butyrate were experimentally determined. Digestion trials were also conducted in order to assess the percent digestible energy supplied by the VFA produced in the cecum.
EXPERIMENTAL PROCEDURE
Three mature cross-bred ponies, one gelding and two mares with an average weight of 162 kg, and each fitted with a permanent cecal fistula were used in this study. Animals were housed in a temperature controlled room (16 C) and were tethered to individual feeding stalls. Animals were fed approximately 2 kg dry matter/100 kg body weight/day in 24 equal feedings with the aid of an automated feeding device ~. Water was available ad libitum. The composition of the two diets used in this study is given in table 1. Both diets were ground to the same particle size; however diet A was fed as a meal while diet B was pelleted to facilitate passage through the feeder. Animals were fed diet A for 45 days before the first measurements were taken. After completion of Experiment 1, the animals were switched to diet B and received it for 30 days before taking measuremnts. The infusate was delivered into a .4 cm diameter polypropylene tube which passed through a .12 cm diameter vinyl tubing located approximately 15 cm ventrally from the cecal fistulae. Cecal samples were taken every 30 rain for the first 90 min, then every 45 min for the next 180 minutes. After taking the pH of the samples, they were frozen immediately in a dry ice-acetone bath. The samples were thawed the next day and centrifuged at 15,000 • g for 15 minutes. A portion of each sample was acidified to pH 2 with 18 N H2SO 4 and stored at -20 C until analyzed for VFA using liquid-liquid column chromatography (Ramsey, 1963) . The remainder of the sample was stored at -20 C until analyzed for PEG using the method of Smith (1959) . Concentrations of the VFA were s Packard Instrument Co., Downers Grove, Illinois.
measured by titrating to a thymolphthalein end-point against alcoholic KOH (.01N in absolute ethanol) under CO2-free conditions. Five ml fractions were collected from the column, titrated, and dried overnight at 50 C in a forced air oven. One milliliter of absolute ethanol and 10 ml toluene-PPO (5 g PPO/liter) were added to each vial prior to counting in a dual channel liquid scintillation spectrometer s . Counting efficiency was determined using internal standards and calculations were made to correct for cross-contributions between channels. Specific activities were calculated from these data. The infusion rate (#c/rain) divided by the specific activity at steady state conditions results in a gross production or entry rate in mmoles/minutes. Using the dual labeling technique it was possible to determine the percent interconversion between acetate and butyrate, and thus arrive at a net VFA production rate. lnterconversion between propionate and the other two acids has been shown to be small (Leng and Brett, 1966) and was not considered in this experiment.
A single-injection technique as described by Sheppard et al., (1959) , was used in Experiments 2 and 3. An aqueous solution containing 200 #c acetate, 150 #c propionate and 600/~c butyrate and 10 g PEG was added to the cecum at zero time. Cecal samples were taken at hourly intervals for 7 hours. Sampling, sample preparation and analysis of samples were by on December 31, 2010. jas.fass.org Downloaded from identical to the procedure described above for Experiment 1. A plot of log specific activity vs time was used to determine the half-life (T 89 of each individual VFA. Regression analysis was used to achieve a line of best fit. Production rate of each acid was determined by dividing the pool (mmoles) by the turnover time T 89 x 1 in minutes. The VFA production data In2 from Experiments 2 and 3 have not been corrected for interconversion of the acids.
A digestion trial was conducted over a 5-day period to determine dry matter digestibility for diet A. Variation between days was found to be extremely small. Dry matter digestibility was measured for diet B using lignin as an indigestible marker (Hungate, 1966) . In both digestion trials, the animams were fed hourly.
Oxygen bomb calorimetry on both diets and feces allowed for calculations of digestible energy intakes (kcal/day). Calculations were made to determine the percent digestible energy intake supplied by the VFA's produced in the cecum.
in a threefold increase in the proportion of butyrate. A difference of the same magnitude was found for animals while receiving diet A. The other two animals (R and F) showed remarkedly similar fermentation patterns. Except for animal S, VFA molar proportions remained fairly constant, regardless of diet. This is in contrast to other workers (Hintz et al., 1971; Stillions et aL, 1970) who reported significantly lower acetate and higher propionate molar proportions on diets containing a larger proportion of grain. Differences in results could be accounted for by different dietary ingredients. Most likely, however, they are due to the effect of hourly vs meal feeding. Figure 1 shows the minimal changes occuring in VFA concentration and pH over time when the animals were fed hourly during Experiment 1. Statistical analysis of the data displayed no significant differences for VFA concentration or pH over time. Although not shown, similar results were found during Experiments 2 and 3. animal S showed levels 10 times higher on diet A than diet B (10.6 mM vs 1.1 mM). Other workers (Orskov et al., 1970) These observations reflect nearly constant concentrations of fermentation products in the cecum. This condition is important since variable VFA production rates during the experiment due to changing substrate availability could produce errors when calculating production rates. During Experiment 1 the specific activities of the individual acids reached steady state conditions in most instances. When this did not occur extrapolation was used to determine the precise plateau value. Mathematically, this is a valid approach (Steele et al., 1956 ). VFA entry rates, acetate to butyrate interconversions and net VFA production rates are given in table 3. Methods of calculation are those discussed in detail by Leng and Leonard (1965) . It appears that at least half of the butyrate carbon is derived from acetate while approximately 2 to 4% of the acetate carbon is derived from butyrate. Although the net production rates for acetate among the three animals are very similar, the production rates for propionate and butyrate reflect the same differences as seen in concentration with animal S.
VFA concentrations, molar proportions and entry rates during Experiments 2 and 3 are shown in table 4. Note here that unlike the results in Experiment 1, no major differences were found between animals in these experiments. The mean value determined for cecal fluid volume, using PEG as an indigestible marker, was 4.42 + .6 liters (SE). Since it was not possible to derive values for interconversion between acids using the single injection technique, the production rates given are actually entry rates and represent ax~ overestimation of the actual production rates. Thus, any differences in production rates between Experiment 1 and Experiments 2 and 3 cannot be attributed to differences in dietary treatment because different techniques were used. Previous work from this laboratory (Glinsky et al., 1975) reported an entry rate for acetate of 6.67 mmoles/minutes. In that experiment, the animal was fed a high-grain diet and a single injection technique was used.
In order to assess the energy value of the VFA produced in the cecum, the percent of the total digestible energy intake accounted for by VFA production was calculated (table 5) . Diets A and B had respective dry matter digestibilities of 71.5 and 58.8%. Gross energy values for diets A and B were 4,403 and 4,318 kcal/kg DM, respectively. It appears that more digesti- .450 ble energy in the form of VFA was supplied by Diet B, than Diet A. However, this is most likely the result of overestimating the production rates of the VFA because interconversions of the VFA could not be determined using the single injection technique. Argenzio and Hintz (1972) measured glucose entry and oxidation rates in ponies. They found that glucose oxidation accounted for approximately 13% of the digestible energy intake per day on a high grain diet and 6% per day on a high forage diet (figures shown are recalculated from data presented in their paper). It was concluded that the majority of the total energy utilized was derived from VFA metabolism. In the present study, a mean of approximately 30% of the digestible energy intake was supplied by cecal VFA metabolism. Additional VFA production and absorption has also been shown to occur in the colon (Argenzio et al., 1974) , and would likely contribute to the energy available from VFA production. Studies with sheep indicate that between 62 (Bergman et al., 1965) and 79% (Leng and Leonard, 1965) of the digestible energy intake can be accounted for by rumen VFA production. 
